W ake-up strokes (WUS), or strokes that occur during sleep, account for ≈20% to 30% of ischemic strokes. 1 Previous studies have yet to uncover pathophysiologic risk factors for WUS. 2 Blood pressure variability (BPV) has been studied as a proxy for autonomic stability. 3, 4 Indeed, increased BPV is a risk factor for cardiovascular disease, including stroke and a marker of increased cardiovascular mortality. [5] [6] [7] No previous studies, however, have assessed BPV in WUS patients. We aimed to compare BPV between WUS and non-WUS patients and hypothesized that WUS patients have greater nocturnal BPV than non-WUS patients.
Methods
The study was approved by the local institutional review board. From the ongoing prospective Northwestern University Brain Attack Registry of confirmed ischemic stroke patients admitted at our institution, we identified 406 consecutive patients over the age of 18 years between August 2012 and July 2013. WUS was defined as stroke occurring during sleep and recognized on awakening. Of the 406 patients, 37 were excluded from the analysis for having fewer than 6 blood pressure recordings in first 24 hours. Of the 369 remaining patients, we identified 78 WUS and 291 non-WUS patients.
In the registry, we prospectively recorded age, sex, race, history of hypertension and home antihypertensive medications, atrial fibrillation, congestive heart failure, diabetes mellitus, previous ischemic stroke, previous hemorrhagic stroke, previous transient ischemic attack, smoking status, alcohol abuse, and National Institute of Health Stroke Scale score, stroke onset (WUS yes/no), stroke subtype, 8 and infarct location. Blood pressures recorded in the 24 hours post-admission were extracted from the electronic health record system (Enterprise Data Warehouse), and mean arterial pressure (MAP) was calculated from noninvasive diastolic and systolic pressures. Daytime was defined as the time 6:00 am and 10:00 pm, whereas nighttime was defined as 10:00 pm to 6:00 am. Mean blood pressures were calculated for the first 24 hours and during daytime and nighttime hours. BPV was calculated as the coefficient of variation (CV) to account for the naturally greater variability in blood pressure at higher mean pressures. 4 We also calculated SD of the mean as a secondary measure of BPV.
We compared demographic and clinical variables in WUS versus non-WUS patients using 2-tailed t tests and χ 2 or Fisher exact tests as appropriate. MAP CV was analyzed as a continuous measure and in quartiles with both univariable and multivariable statistics. A P value of <0.05 was considered significant.
Results
Among 369 patients (64.9±16.5 years; 50.1% male; 64.7% white; median National Institute of Health Stroke Scale score Background and Purpose-Wake-up strokes (WUS) account for ≈20% to 30% of ischemic strokes. Studies have shown that increased autonomic instability as measured by blood pressure variability (BPV) is greater in stroke patients than nonstroke patients, but no studies have compared BPV in WUS versus non-WUS patients. Methods-From a single-center prospective registry, we identified consecutive ischemic stroke patients. BPV was calculated as the coefficient of variation of the mean arterial pressure during the first 24 hours after hospitalization. We assessed 24-hour BPV as a continuous measure and in quartiles in WUS versus non-WUS patients using univariable and multivariable statistics. 
Results-Among

Discussion
In the first 24 hours after ischemic stroke admission, WUS patients have increased nocturnal but not daytime BPV when compared with non-WUS patients. To date, no clear trigger has been identified to explain stroke onset during sleep. Our data suggest that autoregulation of blood pressure, with greater nocturnal variability, may play a role in onset of stroke during sleep.
Although our data are hypothesis generating, further study is warranted to confirm our findings in a prospective study. Because postadmission BP is affected by medications, fluids, and other interventions and sleep cycles may be altered post-stroke, larger studies using a standardized protocol and more frequent measurements will be needed. Prestroke data on BPV, cerebral autoregulation, and autonomic dysfunction, including heart rate variability measurement, would be particularly valuable to establish the temporal relationship of BPV to subsequent nocturnal stroke onset.
Although a previous study could not substantiate an effect of withdrawal on BPV, 9 we observed increased nighttime and daytime BPV in those taking versus not taking antihypertensive medications at home. In addition, others have noted that left hemispheric infarct location is associated with increased BPV, a finding we confirmed. 10 After adjusting for these 2 potential confounders and age and previous stroke, nocturnal BPV remained greater in WUS versus non-WUS patients. Thus, our finding of increased nighttime, but not daytime, BPV is most consistent with autonomic dysfunction rather than post-stroke confounding by medications or infarct location.
Summary
In this single-center study, we observed that nocturnal BPV during the first 24 hours after ischemic stroke admission is significantly greater in WUS than non-WUS patients. Although the implications of this finding are uncertain, we speculate that increased nocturnal BPV may trigger stroke onset during sleep. Further prospective study of autonomic and circadian triggers to ischemic stroke is needed.
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